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(57) An offset measuring board is formed of a 

rectangular metal plate which can be positioned to a 
component mounting position by a positioning device and 
which has at least in proximity to one corner portion 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a component-mounting-apparatus offset measuring board, as well as a 
component-mounting-apparatus offset measuring method, for measuring an offset of a component mounting apparatus 
that serves to mount components onto a board. 

[0002] Conventionally, a positioning device 55 for positioning to a component mounting position a component 
mounting board 51 onto which a component is to be mounted has a pair of support rails 54, and positions to and holds 
at the component mounting position the board 61 through the steps of conveying the board 51 up to a specified 
component mounting position by the drive of belt conveyors on the individual support rails 54 stopping the board 51 
by its front face making contact with a board stopper 53. and then Inserting reference pins 52 into reference-pin 
Insertion through holes 51a formed near four corner portions of the board, respectively. After that, end edge 
portions of the board 51 are pinched and held from above and below by the pair of support rails 54 by which the 
board 51 is positioned to and held at the component mounting position. 
[0003] The mounting program for mounting components onto the board 51 that has been positioned to and held at 
the component mounting position by the positioning device 55 as shovyn above is norrnally so designed that positional 
75 coordinates to which individual components are to be mounted are specified from a program reference position. 
Therefore, it is of importance to correctly set the program reference position. 

[0004] Conventionally, a reference pin 52 inserted into one reference-pin insertion through hole 51a of the 
board 51 positioned and held to the component mounting position is recognized by a board recognition camera, then 
one corner portion of the board 54 Is determined based on positional Information as to the recognized reference pin 
52 and previously stored coordinate information as to a range from the reference-pin insertion through hole 51a to 
one corner portion of the board 54. and this corner portion Is used as the program reference position 56. 
[0005] With the above structure, since the reference pin 52 is mechanically incorporated in the positioning 
device 55, the position of the reference pin 52 inevitably involves errors due to its mounting errors or the like. 
However, for the implementation of high-density component mounting at high precision, even such positional errors 
of the reference pin 52 as described above become impermissible. Thus, there has been a desire for a method of 
25 obtaining the program reference position with higher precision. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, an object of the present invention is to solve the above-described issues and to provide a 
component-mounting-apparatus offset measuring board, as well as a component-mounting-apparatus offset measuring 
30 method, which allows the program reference position to be obtained with higher precision. 

[0007] In accomplishing these and other aspects, according to a first aspect of the present invention, there is 
provided a component-mounting-apparatus offset measuring board for use in measuring an offset of a component 
mounting apparatus which mounts a component onto a board positioned to a component mounting position by a 
positioning device, wherein 

2^ the component-mounting-apparatus offset measuring board is formed of a rectangular or square metal plate which 

can be positioned to the component mounting position by the positioning device and which has a recognition mark at 
least in proximity to one corner portion thereof. 

[0008] According to a second aspect of the present invention, there is provided a component-mounting-apparatus 
offset measuring board according to the first aspect, wherein when the board is stopped to the component mounting 
position by contact with a board stopper of the positioning device, the recognition mark is positioned in proximity 
40 to a corner portion closest to the board stopper in the component mounting position, and wherein a face of the board 
with which the board stopper makes contact to stop the board is formed by processing. 

[0009] According to a third aspect of the present Invention, there Is provided a component-mounting-apparatus 
offset measuring board according to the first or second aspect, wherein the rectangular or square metal plate has a 
recessed portion formed at least in proximity to one corner portion thereof, and a recognition through hole which Is 
positioned within the recessed portion and smaller in Inner diameter than the recessed portion and which has a black 
bottom face to serve as a recognition mark. 

[0010] According to a fourth aspect of the present invention, there is provided a component-mounting-apparatus 
offset measuring board according to the third aspect, wherein depth of the recessed portion is greater than depth of 
the recognition through hole. 

[0011] According to a fifth aspect of the present invention, there is provided a component-mounting-apparatus 
50 offset measuring board according to any one of the first to fourth aspects, wherein a front face, a rear face and 
both side faces of the rectangular or square metal plate are fprmed by processing. 

[0012] . According to a sixth aspect of the present Invention, there is provided a method for measuring an offset 
of a component mounting apparatus In a component mounting apparatus which mounts a component onto a board 
positioned to a component mounting position by a positioning device, the method comprising: 



55 



• positioning to the component mounting position by the positioning device an offset measuring board formed of a 
rectangular or square metal plate having a recognition mark at least In proximity to one corner portion thereof; 
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recognizing the recognition mark to obtain coordinate infornnation as to the recognition marl^; 

based on the obtained coordinate information as to the recognition mark and coordinate Information as to a range 
from the recognition mark to one corner portion of the offset measuring board closest to the recognition mark, 
obtaining position coordinate information as to the one corner portion of the offset measuring board; and 

^ comparing the obtained position coordinate information as to the one corner portion of the offset measuring board 

with coordinate Information as to an original position of the one corner portion of the offset measuring board 
preliminarily set as the positioning device to thereby determine offset Information therebetween. 

10 [0013] According to a seventh aspect of the present invention, there is provided a method for measuring an 
offset of a component mounting apparatus according to the sixth aspect, wherein: 

in positioning the offset measuring board to the component mounting position by the positioning device, the 
offset measuring board is hit against a board stopper to stop the offset measuring board at the component 

mounting position; and 

15 

in recognizing the recognition mark to obtain the coordinate information as to the recognition mark, the 
recognition mark in proximity to' a corner portion closest to the board stopper in the component mounting 
position is recognized. 

[0014] According to an eighth aspect of the present Invention, there Is provided a method for measuring an 
offset of a component mounting apparatus according to the sixth or seventh aspect, wherein: 

in recognizing the recognition mark to obtain the coordinate information as to the recognition mark, a 
recognition through hole which is positioned within a recessed portion formed at least in proximity to one corner 
25 portion of the offset measuring board and which Is smaller in inner diameter than the recessed portion and has a 

black bottom face is recognized as the recognition mark. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 [0015] These and other aspects and features of the present invention will become clear from the following 
description taken in conjunction with the preferred embodiments thereof with reference to the accompanying drawings, 
in which: 



20 
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Figs. 1A and 1B are a plan view of the component-mounting-apparatus offset measuring board to be used In the 
component-mounting-apparatus offset measuring method according to one embodiment of the present invention, 
and a sectional view taken along the line A - A of Fig. 1 A of the offset measuring board, respectively; 

Fig. 2 is an enlarged sectional view of a proximity to a recessed portion of the offset measuring board; 

Fig. 3 is an enlarged plan view of a patch plate to be fitted to the offset measuring board; 

Fig. 4 is a plan view of a state that the offset measuring board is positioned and held by a positioning device; 

Fig. 5 is a perspective view of a state that the offset measuring board is positioned and held by the 
positioning device; and 

45 Fig. 6 is a plan view of a state that a board of the prior art is positioned and held by a positioning device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] Before the description of the present Invention proceeds, it Is to be noted that like parts are 
designated by like reference numerals throughout the accompanying drawings. 

[0017] A component-mounting-apparatus offset measuring board 1 to be used in a component-mounting-apparatus 
offset measuring method according to a first embodiment of the present invention, as shown in. Figs. 1 to 5, is 
formed of a rectangular or square, that Is, right-angled quadrilateral metal plate which can be positioned to a 
component mounting position by a component-mounting-apparatus positioning device 19 and which has a recognition 
55 mark 3 at least in proximity to one comer portion thereof. 

[0018] The component mounting apparatus performs the following steps, as an example. As shown in Fig. 5, a 
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board on which components are to be mounted (although the offset measuring board 1 is shown in Fig. 5, the board on 
which components are to be mounted also has a similar outer shape) and which has been conveyed up to a positioning 
device 19 by a loader 23 is positioned and held by the positioning device 19, an X-Y robot 20 is driven based on a 
mounting program within a memory 32 under the control of a controller 30 so that a mounting head 21 is moved to a 
component feed cassette 25, components fed from the component feed cassette 25 are sucked and held to nozzles of 
the mounting head 21, postures of the components are recognized by a component recognition camera 26, and 
thereafter, while their postures and the like are corrected based on recognition results, the components sucked and 
^ held by the mounting, head 21 are mounted onto the board. After ail the components are mounted orito the board, the 
board is conveyed out from the positioning device 19 via an unloader 24. A board recognition camera 22, which is 
mounted on the mounting head 21, performs the recognition of the board and is also used for the recognition of the 
recognition mark in this embodiment. 

[0019] More specifically, the offset measuring board 1 is, as one example, rectangular-plate shaped and metallic 
10 colored, and has, in proximity to each of its four corner portions, a circular recessed portion 2, and a circular 
recognition through hole 3 positioned at the center of the recessed portion 2, smaller in inner diameter than the 
recessed portion 2 and having a black bottom face to serve as a recognition mark. 

[0020] The material of the offset measuring board 1 is preferably iron or sheet metal. For example, a front face 
1a, a rear face 1c. and both side faces 1b of an iron or other like metal plate are formed by processing (machining 
work) so that the front face la and the rear face 1c become planar surfaces while both side faces lb become parallel 
to each other, and that the front face la and the rear face 1c and the two side faces lb are perpendicular to each 
other. This processing is exemplified by pressing, cutting, laser beam machining, wire cutting, or the like. In 
proximity to each of the four corner portions of the offset measuring board 1, a circular recessed portion 2 is 
formed by pressing, electric discharge machining, end mill or other cutting work, or the like, and a circular 
recognition through hole 3 which is positioned at the center of the recessed portion 2, smaller in inner diameter 
than the recessed portion 2 and having a black bottom face to serve as a recognition mark is formed through by end 
mill or other cutting work, drilling, laser beam machining, wire machining, or the like. The recognition through 
hole 3 is preferably formed at a central portion of the recessed portion 2 in terms of processing process, but not 
limited to this. Further, the reason why the recognition through hole 3 is formed within the recessed portion 2 is 
that with a large plate thickness of the offset measuring board 1, an attempt at recognition with one recognition 
through hole would be accompanied by the recognition of the inner wall of the recognition through hole so that top 

25 profile and bottom profile of the recognition through hole would be recognized doubly, making it hard to recognize 
the bottom profile correctly and with high precision. Therefore, by forming the recognition through hole 3 within 
> the recessed portion 2 and by making the recognition through hole 3 smaller in thickness than the recessed portion 2, 
the inner wall part of the recognition through hole 3 is made limitlessly small and less recognized, thus allowing 
only the bottom profile of the recognition through hole 3 to be recognized with high precision, in addition, the 
recessed portion 2 may be formed in any arbitrary shape without being limited to circular shape. 

30 [0021] As a concrete example, in proximity to each of the individual corner portions of a 100 mm wide, 200 mm 
long, and 1.6 mm thick rectangular offset measuring board 1 are formed a recessed portion 2 having an inner diameter 
of 5 mm and a depth of 1 .1 mm and a recognition through hole 3 which is positioned within the recessed portion 2 and 
which has an inner diameter of 1 mm and a depth of 0.5 mm. 

[0022] In order that the bottom face of the recognition through hole 3 formed through the metal plate is black- 
^- colored, an oblong patch plate 4 having a black layer 5 on its top surface is fixed by bolts 8 to the lower surface 
of the proximity to each corner portion of the offset measuring board 1. That is, two bolt through holes 6 are 
formed in the offset measuring board 1 near the recognition through hole 3 and on one side thereof lengthwise closer 
to the center. Then, the two bolts 8 are inserted through the bolt through holes 6 so as to be screwed into screw 
holes 4a of the patch plate 4, by which the patch plate 4 is fixed to each corner portion of the offset measuring 
board 1 with the bolts 8. The patch plate 4 is formed from sheet-formed iron having a black surface. 
40 [0023] Outside and near the recessed portion 2 in proximity to each corner portion of the offset measuring board 
1, a reference-pin insertion through hole 7 for inserting a reference pin 18 of the positioning device 19 
therethrough is formed so that the offset measuring board 1 can be positioned and held. 

[0024] The offset measuring method using the offset measuring board 1 of the above constitution is explained 
below. Here is described a case in which a recognition through hole 3 of the offset measuring board 1 closest to a 
board stopper 12, for example, a left lower recognition through hole 3 in Fig. 1 is used as an example of the 
recognition mark. 

[0025] Whereas a program reference position 16 is given by a position that serves as the coordinates of the 
origin in specifying, in the mounting program, coordinates of specified places of the board onto which components 
are to be mounted in the component mounting apparatus, the term "offset" in the following description refers to an 
amount of positional shift between an original position as the program reference position 16 and an actual program 
50 reference position 16 actually determined by using the offset measuring board 1 . 

[0026] First, the positioning device 19 is preliminarily adjusted in width so that its width matches the width 
of the offset measuring board 1. The positioning device 19 has a pair of support rail 10, where at least one support 
rail 10 out of the one pair of support rails 10 is made widthwise movable with respect to the other support rail 10 
so that the width between the one pair of support rails 10 is changeable according to the width of the offset 
measuring board 1. Before the offset measuring board 1 is carried into the positioning device 19, one support rail 
10 is moved widthwise with respect to the other support rail 10 in accordance with the width of the positioning 
device 19. by which the width adjustment is achieved. 
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[0027] Next, as shown in Fig. 5, the offset measuring board 1 is carried into the positioning device 19 by the 
loader 23, and further conveyed up to a specified component mounting position by driving a belt conveyor of each 
support rail 10, until the front face la of the offset measuring board 1 is brought into contact, and thereby 
stopped, with the board stopper 12 at the component mounting position as shown in Fig. 4 so that the offset 
measuring board 1 is stopped at the component mounting position, and then the belt conveyors are halted. Thereafter, 
the offset measuring board 1 is pinched at its end edge portions on the sides of the side faces lb from above and 
below, and thereby held, by the one pair of support rails 10. Thus, the offset measuring board 1 is positioned and 
^ held at the component mounting position. 

[0028] Next, the reference pins 18 of the positioning device 19 are inserted upward from down into the reference- 
pin insertion through holes 7 in proximity to the individual corner portions of the offset measuring board 1, 
respectively, so that the offset measuring board 1 is positioned and held to the component mounting position. 
[0029] Next, the mounting head 21 having the board recognition camera 22 is driven by the X*Y robot 20 so that 
10 the board recognition camera 22 is moved to above the left lower recognition through hole 3 In Fig. 1, which is the 
recognition through hole 3 of the offset measuring board 1 closest to the board stopper 12. In this process, since 
positional information as to the center of the left lower recognition through hole 3 in Fig. 1 of the offset measuring 
board 1 has preliminarily been read from the memory 32 into the controller 30 and further transferred to the X-Y 
robot 20, the board recognition camera 21 moved based on the positional information is enabled to take the left 
lower recognition through hole 3 in Fig. 1 of the offset measuring board 1 within Its field of view. 

[0030] Next, the left lower recognition through hole 3 in Fig. 1 of the offset measuring board 1 Is recognized 
under the illumination by the board recognition camera 22 with white illuminating light, coordinates of the center 
position of the recognized recognition through hole 3 are determined by a computing section 31. and the shift amount 
from the original position is computed by the computing section 31. by which the positional shift amount is 
determined. The positional shift amount of the center of the left lower recognition through hole 3 in Fig. 1 
20 determined in this way is stored into the memory 32. 

[0031] Next, coordinates of the program reference position 16 are determined from the X-Y coordinates, which are 
the coordinate system on which the mounting head 21 driven by the X-Y robot 20 and having the board recognition 
camera 22 operates, the above positional shift amount, the offset amount of the board recognition camera 22 from its 
original position that has occurred during its fitting onto the component mounting apparatus, and the distance from the 
left lower recognition through hole 3 in Fig. 1 of the offset measuring board 1 to an end point of the offset 
25 measuring board 1 closest to the board stopper 12. i.e., the left lower corner portion in Fig. 1. and the determined 
coordinates are stored into the memory 32. 

[0032] Concretely, X- and Y-coordinates of the program reference position 16 can be determined by the following 
equations: 

X-coordinate of program reference position 16 = (ANSI) - /cq ^\ 

30 - (parameter PX for range from end point of offset measuring board 1 to recognition through hole 3) v h- / 

Y-coordinate of program reference position 16 = (ANS2) - /p^ 
- (parameter PY for range from end point of offset measuring board 1 to recognition through hole 3) ^ ^' ' 

In this case, the parameter PX, which is a value preliminarily stored in the memory 32, indicates the X-coordinate 
of the center position of the recognition through hole 3 because the end point of the offset measuring board 1 
sen/es as the origin of coordinates. The parameter PY, which is a value preliminarily stored in the memory 32. 
35 indicates the Y-coordinate of the center position of the recognition through hole 3 because the end point of the offset 
measuring board 1 serves as the origin of coordinates on the program basis. For example, the parameter PX is +5 and 
the parameter PY Is +15. Further, ANSI and ANS2 can be determined by the following equations: 

(ANS1) = (X- 

-coordinate of mounting head 21 with current board recognition camera 22 positioned at recognition through hole 3) - /pn ox 

- (X-coordinate of board recognition camera 22 by offset) + (X- v h- 
-coordinate of recognition through hole 3 by recognition result) 

(ANS2) = (Y- 

-coordinate of mounting head 21 with current board recognition camera 22 positioned at recognition through hole 3) - /cq a\ 

- (Y-coordinate of board recognition camera 22 by offset) + (Y- \ h- ; 
-coordinate of recognition through hole 3 by recognition result) 

[0033] As an example, when the offset measuring board 1 is 100 mm long and 200 mm wide, initial-setting (default) 
coordinates of the program reference position 16 are assumed to be (0, 300) on the basis of a machine origin point 
(0, 0) as shown in Fig. 4. It is also assumed that with the use of the left lower recognition through hole 3 in Fig. 
4, the left lower recognition through hole 3 is (5, 15) away in coordinate value from the program reference position 
16. It is further assumed that a center position 22a of the board recognition camera 22 is offset by (-200, -10) in 
coordinate value from the positioning center (actually, the center of a suction nozzle at one end of the mounting 
head 21) 21a of the mounting head 21. It is still also assumed that a recognition result of the recognition through 
hole 3 is, for example, (+1, -1) as coordinate values, with the current board recognition camera 22 positioned just 
above the left lower recognition through hole 3. Then, since the mounting head 21 is positioned at (-200. -10) from 
the board recognition camera 22. the X-coordinate of the mounting head 21 with the current board recognition camera 
22 positioned at the recognition through hole 3 results in "-195" from an offset amount of "200" and an X-coordinate 
55 of "5" of the recognition through hole 3. Since the X-coordlnate of the board recognition camera 22 by the offset is 
"-200" and the X-coordinate of the recognition through hole 3 by the recognition result is "+1 it follows from Eq. 3 that 
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(ANSI) = (X- 

-coordinate of mounting head 21 with current board recognition camera 22 positioned at recognition through hole 3) - 

- (X-coordinate of board recognition camera 22 by offset) + (X- 

-coordinate of recognition through hole 3 by recognition result) = -195 - (-200) + 1 =6 

[0034] Also, since the mounting head 21 is positioned at (-200, -10) from the board recognition camera 22, the Y- 
coordinate of the mounting head 21 with the current board recognition camera 22 positioned at the recognition 
5 through hole 3 results in "305" from an offset amount of "10," the default Y-coordinate of "300" of the program 
reference position 16 and the Y-coordinate of "15" of the recognition through hole 3. Since the Y-coordinate of the 
board recognition camera 22 by the offset is "-10" and the Y-coordinate of the recognition through hole 3 by the 
recognition result is "-1 ," it follows from Eq. 4 that 

(ANS2) = (Y- 

-coordinate of mounting head 21 with current board recognition camera 22 positioned at recognition through hole 3) - 
^0 - (Y-coordinate of board recognition camera 22 by offset) + (Y- 

-coordinate of recognition through hole 3 by recognition result) = 305 - (-10) + (-1) = 314 

[0035] Thus, it results from Eq. 1 and Eq. 2 that 

X-coordinate of program reference position 16 = (ANSI) - 

- (parameter PX for range from end point of offset measuring board 1 to recognition through hole 3) = 6 - 5 = 1 
Y-coordinate of program reference position 16 = (ANS2) - 

- (parameter PY for range from end point of offset measuring board 1 to recognition through hole 3) = 314 - 15 = 299. 

[0036] Consequently, actual coordinates of the program reference position 16 result in (1, 299), from which the 
shift from the initial-setting (default) coordinates (0. 300) of the program reference position 16 can be known. 
20 [0037] Next, the offset measuring board 1 is conveyed to the post-processing side, and positioned to the next 
component mounting position of the component mounting apparatus. After the above-described operations are iterated, 
the offset measuring board 1 is taken out. 

[0038] Based on the coordinates of the program reference position 16 determined in this way, component mounting 
operation is performed by the component mounting apparatus. Referring to the actual movement of the mounting head 
25 of the component mounting apparatus, usually, the mounting head 21, which is kept on standby at a machine origin 
point 15 (see Fig. 4), is driven upon a start of mounting operation, by taking into consideration coordinate 
differences between the machine origin point 15 and the above-determined program reference position 16. In addition, 
the machine origin point 15 may be given by the origin position of the board recognition camera 22. 
[0039] According to the above-described embodiment, since the offset measuring board 1 is formed of a metal 
plate having a recognition mark 3 at least in proximity to one corner portion thereof, the front face 1a, rear face 1c and 
30 both side faces lb of the offset measuring board 1 can be formed with low cost and high precision by the 
aforementioned processing, and moreover as the recognition mark 3, for example, a through hole 3 can be formed 
within the recessed portion 2 with low cost and high precision. As a result of this, the front face la and the rear 
face 1c of the offset measuring board 1 can be formed with high precision for their planarity, for example, within 
±0.1 mm, and moreover both side faces lb can be formed with high precision for their parallelism, for example, within 
±0.05mm while a high degree of orthogonality of the front face la and the rear face 1c to the two side faces lb can 
35 be obtained with high precision, for example, within ±0.05mm. In this connection, it is important to finish with 
high precision the planarity of the front face 1a and the rear face 1c of the offset measuring board 1, which 
largely affects the positional precision Involved in stopping the front face la and the rear face 1c by contact with 
the board stopper. Also, the parallelism between both side faces 1b of the offset measuring board 1 largely affects 
the positioning and holding of the offset measuring board 1 by pinching the offset measuring board 1 between the 
support rails 10 of the positioning device 19, where poor parallelism precision would cause the positional precision 
of the recognition mark to also deteriorate due to the positioning and holding by pinching the board with the support 
rails 10. Further, the degrees of orthogonality of the front face la and the rear face 1c to both side faces lb of the 
offset measuring board 1 largely affect the coordinate precision in the X- and Y-directions. 

[0040] In contrast to this, when an offset measuring board having a similar constitution is made from a material 
other than metals, for example, glass, it is impossible with glass to form the recessed portions 2 or the 

45 recognition through holes 3 by cutting or other work, making it difficult to form the offset measuring board. Also, 
in the case of a board made of a material other than metals, for example, glass - epoxy resin, it is difficult to 
form the front face la, the rear face 1c, and both side faces lb with high precision in terms of material properties, 
and moreover the material itself is flexure-prone. Therefore, even if the board is brought into contact with the 
board stopper 12 so as to be stopped at the component mounting position, a high-precision positioning and holding of 
the board could not be achieved because of the poor planarity of the front face that makes contact with the board 

50 stopper 12, which causes a poor parallelism between the two side faces which matters in pinching the board by both- 
side support rails after the contact and stop, and also because of the poor degrees of orthogonality between the 
side faces and the front face. 

[0041] However, In the case where, as In the above-described embodiment, the offset measuring board 1 is formed 
from metal, where Its front face la, rear face 1c and both side faces 16 are formed by processing as described above 
22 and where the recessed portions 2 and the through holes 3 are formed by end mill or other cutting work, it becomes 
possible to remarkably improve the planarity of the front face 1a which is to be brought into contact, ahd thereby 
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stopped, with the board stopper 12, the degree of parallelism between both side faces 1b which are to be pinched by 
both-side support rails 10 after the contact and stop by the board stopper 12, and the precision of the degrees of 
orthogonality between the side faces lb and the front face la, as compared with the board of glass-epoxy resin. 
[0042] Also, since the offset measuring board 1 Is less flexure-prone than boards of resin by virtue of its 
being made of metal, and since the face of the offset measuring board 1 to be brought into contact, and thereby 
stopped, with the board stopper 12 can be formed by the aforementioned processing as described above, the offset 
5 measuring board 1 can be finished with higher precision than boards of resin. Thus, the offset measuring board 1, 
when positioned to the component mounting position after stopped by the board stopper 12, can be positioned and 
held with higher precision, where the positioning precision can be improved, for example, up to about 1/100 mm in 
terms of positioning precision error. 

[0043] Besides, using the recognition through hole 3 closest to the board stopper 12 out of the four recognition 
through holes 3 makes it possible to further improve the offset measuring precision, 
"'^ [0044] Furthermore, since the recognition through hole 3 is formed in the way not that the recognition through 
hole 3 alone is formed in the offset measuring board 1, but that the recessed portion 2 larger in inner diameter 
than the recognition through hole 3 is formed before the recognition through hole 3 Is formed within the recessed 
portion 2, the inner wall of the recognition through hole 3 can be made less recognizable by reducing the thickness 
of the part where the recognition through hole 3 is formed, based on the arrangement that with the field of view of 
the board recognition camera 22 set within the recessed portion 2. the recognition through hole 3 Is formed at a 
part within the recessed portion 2 and quite smaller in thickness with respect to the thickness of the whole offset 
measuring board 1. As a result of this, the profile of the opening of the recognition through hole 3 on Its bottom- 
face side can be recognized clearly and with high precision, so that the recognition precision can be improved, and 
moreover that the program reference position can be obtained with higher precision. 

[0045] Also, as compared with the case where the reference pin of the reference-pin insertion through hole is 
20 recognized by the board recognition camera, the need for forming the reference-pin insertion through holes is 
eliminated so that labor and cost for processing can be reduced, and moreover the need for providing the reference 
pins as well as the need for adjusting the reference pins in model changes of the board can also be eliminated. 
[0046] It is noted here that the present invention is not limited to the above embodiment and may be embodied in 
other various modes. 

25 [0047] For example, in the foregoing embodiment, both front face 1a and rear face 1c are formed by the 
aforementioned processing as those faces which are positionally restricted by the board stopper 12 of the offset 
measuring board 1 so that higher precision can be obtained. However, in the case where either one of the front face 
1a or the rear face 1c is positioned by the board stopper 12. the one face alone has only to be formed with high 
precision by the processing. Further, as to the recognition marks 3, if the other recognition marks 3 are 
unnecessary, forming at least one recognition mark 3 will do without forming four recognition marks 3. 

30 [0048] Also, in the above embodiment, when a plurality of component mounting apparatuses are connected, the 
program reference position 16 Is determined for each of the plurality of component mounting apparatuses. However, 
the present invention is not limited to this. For example, instead of iterating the above operations in each 
component mounting apparatus, coordinates of the program reference position 16 determined by one of the component 
mounting apparatuses may be used as teaching information in the other component mounting apparatuses. In this case, 
the operation of determining the coordinates of the program reference position 16 in the other component mounting 

35 apparatuses is no longer necessary, while use of the same coordinates of the program reference position 16 in the 
other component mounting apparatuses makes it less likely to occur that the precision of mounting operation differs 
among the component mounting apparatuses, so that the component mounting board becomes more stable in quality. 
[0049] Also, in the above embodiment, the program reference position 16 is given by an end point closest to the 
board stopper 12, i.e., a left lower corner portion in. Fig. 1, but not limited to this. That is, the program 
reference position 16 may be given by a left forward end point of the offset measuring board 1 when the board 
stopper 12 Is located in the left forward as viewed along the direction of advance of the offset measuring board 1, 
a left rearward end point of the offset measuring board 1 when the board stopper 12 is located in the left rearward 
as viewed along the direction of advance of the offset measuring board 1, a right forward end point of the offset 
measuring board 1 when the board stopper 12 is located in the right forward as viewed along the direction of advance 
of the offset measuring board 1, or a right rearward end point of the offset measuring board 1 when the board 

45 stopper 12 Is located in the right rearward as viewed along the direction of advance of the offset measuring board 
1. Besides, without being limited to end points only, any arbitrary points of the offset measuring board 1 may be 
used as the program reference position 16. 

[0050] Furthermore, it is usually enough to- recognize only one recognition through hole 3. However, without 
being limited to this, it is also possible to recognize the one recognition through hole 3 plus two recognition 
through holes 3 adjacent thereto, totally three places, and further determine a straight line that connects the one 
5^ recognition through hole 3 and one of the two recognition through holes 3 adjacent thereto to each other, as well as 
a straight line that connects^ the one recognition through hole 3 and the other of the two recognition through holes 
3 adjacent thereto to each other, so that information as to the degree of orthogonality between the two straight 
lines can be obtained. 

[0051] In addition, by combining arbitrary embodiments out of the above various embodiments as required, effects 
55 of those Individual embodiments can be fulfilled. 

[0052] According to the present invention, since the offset measuring board Is formed of a metal plate having a 
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recognition mark at least in proximity to one corner portion thereof, a face of the offset measuring board to be 
positionally restricted by the board stopper, for example, the front face or the rear face, and faces of the offset 
measuring board to be positioned and held, for example, both side faces thereof can be formed with low cost and high 
precision by, for example, pressing, cutting, laser beam machining, wire cutting, or other processing, and moreover 
as the recognition mark, for example, a through hole can be formed within the recessed portion with low cost and 
high precision. As a result of this, the face of the offset measuring board to be positionally restricted by the 
board stopper, for example, its front face or rear face can be formed with high precision for its planarity. and 
moreover the faces to be positioned and held, for example, both side faces can be formed with high precision for 
their parallelism while high degrees of orthogonality of the front face or rear face to both side faces can be obtained 
with high precision. In this connection, it Is important to finish with high precision the planarity of the face of 
the offset measuring board to be positionally restricted by the board stopper, for example, its front face or rear 
face, which largely affects the positional precision in stopping the board by contact of its front face or rear face 
with the board stopper. Also, the parallelism between the faces of the offset measuring board to be positioned and 
held, for example both side faces thereof, largely affects the positioning and holding of the offset measuring board 
by pinching the offset measuring board with a positioning device, where poor parallelism precision would cause the 
positional precision of the recognition mark to also deteriorate due to the positioning and holding by pinching the 
board with the positioning device. Further, the degrees of orthogonality of the front face or rear face to both side 
faces of the offset measuring board largely affect the coordinate precision in the X- and Y-directions. 

15 [0053] In contrast to this, when an offset measuring board having a similar constitution is made from a material 
other than metals, for example, glass, it is impossible with glass to form the recessed portions or the recognition 
through holes by cutting or other work, making it difficult to form the offset measuring board. Also, In the case 
of a board made of a material other than metals, for example, glass - epoxy resin. It Is difficult to form the front 
face or rear face and both side faces with high precision In terms of material properties, and moreover the material 
itself is flexure-prone. Therefore, even if the board is brought into contact with the board stopper so as to be 
stopped at the component mounting position, a high-precision positioning and holding of the board could not be 
achieved because of the poor planarity of the front face that makes contact with the board stopper, which causes a 
poor parallelism between the two side faces which matters In pinching the board by both-side support rails after the 
contact and stop, and also because of poor degrees of orthogonality between the side faces and the front face. 
[0054] However, in the case where, as in the present invention, the offset measuring board is formed from metal, 

25 where its front face or rear face and both side faces are formed by the aforementioned processing as described above 
and where the recessed portions and the through holes are formed by, for example, end mill or other cutting work, it 
becomes possible to remarkably improve the planarity of the front face or rear face which is to be brought into 
contact, and thereby stopped, with the board stopper, the degree of parallelism between both side faces which are to 
be pinched by the positioning device after the contact and stop by the board stopper, and the precision of the degrees 
of orthogonality between the side faces and the front face or rear face, as compared with the board of glass-epoxy 

30 resin, 

[0055] Also, since the offset measuring board is less flexure-prone than boards of resin by virtue of its being 
made of metal, and since the face of the offset measuring board to be brought into contact, and thereby stopped, 
with the board stopper can be formed by cutting work as described above, the offset measuring board can be finished 
with higher precision than boards of resin. Thus, the offset measuring board, when positioned to the component 
mounting position after stopped by the board stopper, can be positioned and held with higher precision, where the 
positioning precision can be Improved, for example, up to about 1/100 mm In terms of positioning precision error. 
[0056] Besides, as the recognition mark is located In proximity to one corner portion closest to the board 
stopper In the component mounting position, using this recognition mark makes it possible to further Improve the 
offset measuring precision. 

[0057] Furthermore, in the case where a recognition through hole is formed as the recognition mark in the way 
40 not that the recognition through hole alone is formed in the offset measuring board, but that the recessed portion 
larger in inner diameter than the recognition through hole is formed before the recognition through hole is formed 
within the recessed portion, the inner wall of the recognition through hole can be made less recognizable by 
reducing the thickness of the part where the recognition through hole is formed, based on the arrangement that with 
the field of view of the recognition device that recognizes the recognition through hole, for example a board 
recognition camera, set within the recessed portion, the recognition through hole is formed at a part within the 
recessed portion and quite smaller in thickness with respect to the thickness of the whole offset measuring board. 
As a result of this, the profile of the opening of the recognition through hole on its bottom-face side can be 
recognized clearly and with high precision, so that the recognition precision can be improved, and moreover that the 
program reference position can be obtained with higher precision. 

[0058] Also, as compared with the case where the reference pin of the reference-pin insertion through hole is 
recognized by the board recognition camera, the need for forming the reference-pin insertion through holes is 
eliminated so that labor and cost for processing can be reduced, and moreover the need for providing the reference 
pins as well as the need for adjusting the reference pins in model changes of the board can also be eliminated. 
[0059] Although the present invention has been fully described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and modifications are to be understood as included within the 
55 scope of the present invention as defined by the appended claims unless they depart therefrom. 
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Claims 

1. A component-mounting-apparatus offset measuring board for use in measuring an offset of a component mounting 
apparatus which mounts a component onto a board positioned to a component mounting position by a positioning 
device (19), wherein 

the component-mounting-apparatus offset measuring board is formed of a rectangular or square metai plate 
which can be positioned to the component mounting position by the positioning device and which has a recognition 
5 mark (3) at ieast in proximity to one corner portion thereof. 

2. A component-mounting-apparatus offset measuring board according to Claim 1. wherein when the board is stopped 
to the component mounting position by contact with a board stopper (13) of the positioning device, the 
recognition mark is positioned in proximity to a corner portion closest to the board stopper in the component 
mounting position, and wherein a face of the board with which the board stopper makes contact to stop the board 

10 is formed by processing. 

3. A component-mounting-apparatus offset measuring board according to Claim 1 or 2» wherein the rectangular or 
square metal plate has a recessed portion (2) formed at least in proximity to one corner portion thereof, and a 
recognition through hole (3) which is positioned within the recessed portion and smaller in inner diameter than the 
recessed portion and which has a black bottom face to serve as a recognition mark. 

15 

4. A component-mounting-apparatus offset measuring board according to Claim 3, wherein depth of the recessed 
portion (2) is greater than depth of the recognition through hole (3). 

5. A component-mounting-apparatus offset measuring board according to any one of Claims 1 to 4, wherein a front 
face {1a), a rear face (1c) and both side faces (lb) of the rectangular or square metal plate are formed by 
processing. 

6. A method for measuring an offset of a component mounting apparatus in a component mounting apparatus which 
mounts a component onto a board positioned to a component mounting position by a positioning device, the method 
comprising: 

positioning to the component mounting position by the positioning device an offset measuring board (1) 
formed of a rectangular or square metal plate having a recognition mark (3) at least In proximity to one 
comer portion thereof; 

recognizing the recognition mark to obtain coordinate information as to the recognition mark; 

based on the obtained coordinate information as to the recognition mark and coordinate information as 
to a range from the recognition mark to one corner portion of the offset measuring board closest to the 
recognition mark, obtaining position coordinate information as to the one corner portion of the offset 
measuring board; and 

35 compahng the obtained position coordinate information as to the one corner portion of the offset measuring 

board with coordinate information as to an original position of the one corner portion of the offset 
measuring board preliminarily set as the positioning device to thereby determine offset information 
therebetween. 



20 



25 



30 



7. A method for measuring an offset of a component mounting apparatus according to Claim 6, wherein: 

in positioning the offset measuring board (1) to the component mounting position by the positioning device, 
the offset measuring board is hit against a board stopper (13) to stop the offset measuring board at the 
component mounting position; and 

45 

In recognizing the recognition mark to obtain the coordinate information as to the recognition mark, the 
recognition mark in proximity to a corner portion closest to the board stopper in the component mounting 
position is recognized. 

50 8. A method for measuring an offset of a component mounting apparatus according to Claim 6 or 7. wherein: 

in recognizing the recognition mark to obtain the coordinate information as to the recognition mark, a 
recognition through hole (3) which is positioned within a recessed portion (2) formed at least in proximity 
to one corner portion of the offset measuring board (1) and which is smaller in inner diameter than the 
recessed portion and has a black bottom face is recognized as the recognition mark. 

55 
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